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ABSTRACT
A study of atmospheric chemistry over Cambridge, Novem-
ber 1973 until February 1975, has been conducted, and the fol-
lowing precipitation constituents and parameters were analysed:
chloride, socium, potassium, calcium, magnesium, ammonia, ni-
trate, nitrite, and acidity (pH). The results from this atmo-
spheric chemistry data show that urban pollution has increased
the concentration of these atmospheric constituents.
Thesis Supervisor: John M. Edmond
Title: Assistant Professor of Chemical Oceanography
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INTRODUCTION
The study of atmospheric chemistry started in the
second half of the nineteenth century; a relatively new
member in the family of atmospheric sciences, it has de-
veloped at a time when human utilization of natural re-
sources has reached an impressive level. This develop-
ment reflects both a desire for increased knowledge about
the atmosphere and an increasing concern about the state
of our environment and the role of the atmosphere in this
respect.
Atmospheric chemistry is concerned with the consti-
tuents and chemical processes of the atmosphere, and it
began with investigations of trace substances in precipit-
ation and of particulate material. Precipitation is an
efficient process by which trace substances are removed
from the atmosphere and concentrated into a small volume
of liquid; therefore, almost all trace substances present
in the atmosphere are also present in rain. Many studies
have been done concerning the chemical composition of at-
mospheric precipitation, and the data obtained are useful
for acquiring information on the source areas of the con-
stituents.
In order to study controls on surface- and ground-
water quality, it is important to have a knowledge of the
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8chemistry of atmospheric precipitation, especially the
magnitude of the atmospheric constituents. Precipita-
tion samples have been collected in Cambridge since No-
vember 1973 until February 1975; the following preci-
pitation constituents and parameters have been analysed:
chloride, sodium, potassium, calcium, magnesium, ammo-
nia, nitrate, nitrite, and acidity (pH).
SAMPLING METHOD
The first equipment used to collect precipitation
samples consisted of -an apparatus constructed from a
folding army cot and polyethylene sheet. The cot was
covered with polyethylene sheet to prevent the canvas
from getting wet and most importantly, to maximize the
efficiency of rain collection. A separate polvethylene
sheet was used to cover the whole apparatus while it
was not being used; this was to prevent the accumula-
tion of dry fallout. One end of the cot was raised,
supported by concrete blocks. A nalgene funnel was
installed on the other end. Thus rainwater falling
on the cot would drip down from the raised end and go
through the funnel into the bottle. This equipment
deteriorated and was replaced by large nalgene bottles
which have been cut at the bottom and inverted. A
stopper with a hole in the middle was placed on the
mouth of the bottle and a medium size polyethylene
bottle was slipped tightly around it. The nalgene
bottle was installed upside down, and rainwater was
collected. When it was not in use, the nalgene bottle
was covered with plastic to prevent the accumulation
of dry fallout. Several nalgene bottles were used to
collect precipitation samples; some were installed on
the roof of the Green Building and some were on the roof
of McCormick hall.
During a rainstorm samples were collected consecu-
tively, i.e. once every fifteen minutes or once every
half hour, depending on how heavy the rainfall was. This
is to find out whether or not there is a substantial
variation in the concentrations of the constituents and
the acidity of precipitation over the period of a rain-
storm. The samples were stored in two polyethylene bot-
tles and a glass bottle.
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ANALYTICAL METIIOD
The constituents and parameters determined in the
precipitation were sodium, potassium, calcium, magne-
sium, chloride, ammonia, nitrate, nitrite, and acidity
(pH). The metal ions were analysed by using atomic ab-
sorption spectrophotometry. Chloride was analysed by
using the mercuric thiocyanate method; this is a rapid
colorimetric (spectrophotometric) method suitable for
the determination of low concentrations of chloride
using iron-aluiainum solution in nitric acid and slight-
ly ionizing mercuric thiocyanate solution in a mixture
of dioxane and alcohol solution. Ammonia was analysed
by the method outlined in Determination of Ammonia in
Natural Waters by the Phenolhypochlorite Method, by
Lucia Solorzano. Nitrate and nitrite were analysed by
using the method outlined in A Practical Handbook of
Seawater Analysis by J.D.H. Strickland and T.R. Parsons.
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RESULTS
Chloride and Ratio of Chloride to Sodium
The chloride concentration over Cambridge ranges
between 2.0 mg/l and 33.5 mg/l, and the average value
is about 7.0 mg/i. Junge and Werby (1958) found that
the average chloride concentration in the east coast of
the US, July 1955 to June 1956, was about 6.0 mg/l. It
is generally agreed that sea-salt aerosols are the ma-
jor source of chloride in precipitation. When fine
droplets of sea water are dispersed from breaking wave
crests, they evaporate before falling back into the
water and leave a residue of sea salt in the air. After
being carried up into the atmosphere and mixed by tur-
bulence, this residue is usually dispersed and slowly
falls out of suspension; some is incorporated in pre-
cipitation on and near the ocean. Therefore, the chlo-
ride load can be attributed to the generally dispersed
material which enters bulk precipitation as dry fallout.
Over the period of a rainstorm the chloride con-
centration generally decreases (Fig. i). Rainfall is an
efficient process by which trace substances are removed
from the atmosphere and concentrated into a small volume
of liauid. As a rainfall progresses, the amount of chlo-
ride residue that is removed from the atmosphere becomes
less and less; subsequently, the chloride concentration
in the rain is also reduced. The variation pattern of
chloride concentration over the period of a rainstorm
is very similar to those of sodium concentration (Fig. 2)
and of potassium concentration (Fig. 3).o
In sea water all over the world the ratio of ions
is nearly constant, and the comparison with ratios in
precipitation can therefore be useful in determining the
origin of constituents. Table 1 illustrates a represent-
ative compilation of Cl-/Na+ ratios observed on islands
and in coastal areas; the ratio in sea water is 1.80.
It has been observed that the ClA/Na ratio over Cam-
bridge reaches levels as high as 4. This deviation may
be due to:
1. Systematic errors in the analysis.
2. Production of Cl by industry, and the most likely
source is pollution. Gorham (1958a) discovered a highly
significant correlation coefficient between chloride and
acidity for low value of pH (< 5.7) in urban precipita-
tion samples of the Sheffield and Manchester area in
England. Coal, which has high chlorine content, is a
major factor in the industrial production of HCI in this
area; therefore, HCI is produced in pollution. Gorham
(1958b) also found that due to pollution in England, the
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Cl-/Na + ratio reaches as high as 3 to 4. As in the above
mentioned case, it is very likely that the high Cl-/Na +
ratio over Cambridge is caused by production of chloride
in pollution from the industrial city of Boston.
It is apparent that sea-salt aerosols are a major
source of chloride content in precipitation. However,
in urban areas industrial pollution also plays a sig-
nificant role in the production of HC1, thus increas-
ing the chloride content in precipitation.
Sodium, Potassium, Calcium, and Magnesium
The sodium concentration over Cambridge ranges
between 0.05 mg/l and 7.4 mg/l, and the average value
is about 1.5 mg/l. Junge and Werby (1958) found
that the average sodium concentration in the east
coast of the US, July 1955 to June 1956, was about
2.0 mg/l. It is generally agreea that sea-salt aero-
sols are an important source of sodium; another im-
portant source is local atmospheric dust which can
contribute appreciably to loads of this ion.
Like chloride, the sodium concentration over
the period of a rainstorm generally decreases (Fig. 2),
and the same argauent applies. The variation pattern
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of sodium concentration over the period of a rain-
storm is very similar to that of chloride concen-
tration.
The potassium concentration over Cambridge
ranges between 0.1 mg/1 and 3.5 mg/l, and the average
value is about 0.5 mg/l. Junge and Werby (1958)
found that the average potassium concentration in the
east coast of the US, July 1955 to June 1956, was
about 0.2 mg/l. The ratio of K +/Na + in sea water
is found to be 0.041; however, the average ratio of
K+/Na+ over Cambridge has been found to be about 0.33.
This is an increase by a factor of about 8, which is
unlikely to have been caused by the chemical decompos-
ition of sea-spray particles alone. Therefore, soil
dust is generally considered to be the major source
of potassium in precipitation; this element enters
bulk precipitation as dry fallout.
Like chloride and sodium, the potassium concen-
tration over the period of a rainstorm generally de-
creases (Fig. 3), and the same argument applies. The
variation pattern of potassium concentration over the
period of a rainstorm is very similar to those of chlo-
ride concentration and sodium concentration.
The calcium concentration over Cambridge ranges
between 0.07 mg/1 and 16.5 mg/l, and the average va-
lue is about 2.1 mg/l. Junge and Werby (1958) found
that the average calcium concentration in the east
coast of the US, July 1955 to June 1956, was about 0.3
mg/l. The Ca ++/Cl - ratio in sea water is 0.021: how-
ever, the average ratio of Ca /Cl- over Cambridge has
been found to be about 0.31. This is an increase by
a factor of about 15, which is not likely to have ,een
caused by the chemical decomposition of sea-spray par-
ticles alone. It has been found that in urban areas,
which generally have high calcium concentration, gyp-
sum (CaSO 4 .2H20) is the principal crystalline consti-
tuent of urban dust. Therefore, the consistently high
calcium content in urban precipitation must be due to
the settling or washing out and subseauent solution of
gypsum. It is probable that the high Ca /Cl ratio
over Cambridge is caused by the production of gypsum
in pollution.
Like chloride, sodium, and potassium, the cal-
cium concentration over the period of a rainstorm ge-
nerally decreases (Fig. 4), and the same argument ap-
plies. The variation pattern of calcium concentra-
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tion is similar to that of magnesium (Fig. 5).
The magnesium concentration over Cambridge
ranges between 0.03 mg/l and 3.5 mg/l, and the average
value is about 0.4 mg/l. The fMg /Na ratio in sea
water is 0.12; however, the average ratio of Mg /Na
over Cambridge has been found to be about 0.28. Two
processes should be considered regarding the alteration
of Mg ++/Na+ ratio in sea-salt particles. The first pro-
cess is the addition of soil material, and the second
is the possible modification of the composition of sea-
salt particles during the process of separation from
the sea surface. It is generally agreed that the major
source of magnesium in precipitation is soil material.
Therefore, the major cause of the higher ratio value of
Mg /Na + over Cambridge is the addition of soil mate-
rial from Cambridge and Boston.
Like the other major ions, the magnesium concen-
tration over the period of a rainstorm generally de-
creases (Fig. 5), and the same argument applies. The
variation pattern of magnesium concentration is simi-
lar to that of calcium.
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Ammonia, Nitrate, and Nitrite
The ammonia concentration over Cambridge ranges
between 2.0 mg/l and 63.0 mg/l, and the average value
is about 12.3 mg/l. These values are much larger than
the average value of ammonia concentration found by
Junge (1958) in the east coast of the US from July to
September 1955, which was about 0.05 mg/l. In gene-
ral, the ammonia concentration in precipitation varies
considerably between 0.01 mg/l and 1 mg/l, and the
most common values are around 0.1 to 0.2 mg/l. Due to
the small volume ratio of liquid water to air in
clouds and rain, the pH of the cloud water and the am-
monia content of the air considerably affect the am-
monia concentration in precipitation. In order for am-
monia to be a conservative property of precipitation,
the rain sample has to be sealed and protected against
bacterial decomposition.
In areas with low pH the ammonia concentration
is usually very low, because low pH causes ammonia ab-
sorption and also prevents its release. The rainwater
in Cambridge generally has low p1H value (between 3.5
and 4.5), and therefore the ammonia concentration in
precipitation should be low. However, the observed
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values are much larger than expected. Possible ex-
planations for this deviation are:
1. Systematic errors in the analysis.
2. Rain samples were not properly protected against
contamination and bacterial decomposition.
There is strong evidence that in most parts of
the world the main source of ammonia is the soil and
pollution does not play a significant role. In agri-
cultural states, such as California and Washington,
the ammonia concentration is usually high, which may
be related to the use of liquid ammonia fertilizers
in this part of the-country. However, Cambridge is
located in an urban area; therefore, it is unlikely
that soil is the major contributor to the high ammo-
nia content in precipitation. The high ammonia con-
centration found over Cambridge is likely to be caused
by the two factors mentioned above.
The ammonia concentration over the period of a
rainstorm does not follow a common trend - sometimes
the concentration decreases, sometimes it increases,
and sometimes it fluctuates (Fig. 6).
The nitrate concentration over Cambridge ranges
between 1.0 mg/l and 74.0 mg/l, and the average value
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is about 16.0 mgi/l. Like arcimonia, these values are rLuch larg-
er than the average value of nitrate concentration found by
Junge (1958), -hich was alout 0.30 mg/l. From various parts
of the world the nitrate concentration in rain over land
has been found to vary over a wide range from about 0.3 to
2.5 mg/i, and over sea or in coastal regions the values
range between 0.15 and 0.5 mg/l. The factors which may ac-
count for the high value of nitrate concentration over
Cambridge are:
1. Systematic errors in the analysis.
2. Rain samples were not properly protected against con-
tamination and bacterial decompositio. It has been ob-
served that data on nitrates are even less reliable than
those for ammonia due to analytical difficulties and bac-
terial or other decomposition during and after collection
of the. samples.
3. Soil and air pollution, w:hich are major sources of
nitrate in precipitation.
Since Cambridge is located in an urban area, it is unlike-
ly that soil is a major contributor to the high nitrate
concentration in precipitation. It is more probable that
the high nitrate concentration found over Cambridge is
caused by the factors (1) and (2) above and air pollution
from Boston.
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Like ammonia, the nitrate concentration does not
follow a common trenu - sometimes the concentration de-
creases, sometimes it increases, and sometimes it fluc-
tuates (Fig. 7).
The nitrite concentration over Cambridge ranges
between 0.01 mg/l anu 0.8 mg/l, and the average value is
about 0.15 mg/l. The ratio of NO 2 /1O 3 is about 0.01.
Nitrite has never been found in aerosols, which indicates
that oxidation of nitrite in cloud and rainwater must
occur fairly rapidly. If nitrite represents the fraction
of NO2 gas converted to NO3 in each condensation cycle,
the NO 2 /NO0 3 ratios indicate that on the average every
condensation nuclei goes through about a hundred cycles
of condensation and evaporation before it is removed by
wet removal.
Like ammonia and nitrate, the nitrite concentra-
tion does not follow a common trend. (Fig. 8).
Acidity (pIl)
The p1l values in rainwater over Cambridge ranges
between 2.1 and 5.85, -ith the majority of the values
falling in the 3.5 to 5.5 range. Many pli data from va-
22
rious parts of the world have been obtained, and they
show that the usual range is between 4 and 6 or it can
fluctuate between 3 and 8. From studies conducted in
various parts of Europe and the US it has been observed
that 1i2SO4 (sulfuric acid) is the important agent for
low p1l values in rainvwater. Since SO2 is one of the
major constituents of pollution and since Cambridge is
under the influence of pollution from Boston, it can
be concluded that sulfuric acid is the controlling fac-
tor of the pH in this area.
The p1l values during a rainstorm generally in-
creases (Fig. 9). Rainfall is an efficient process by
which trace substances are removed from the atmosphere
and concentrated into a small volume of licuid. It has
been observed that the hvydrogen ion concentration in
rains is not a diluted aerosol component, but it deve-
lops during the process of water condensation by fix-
ation of S02, 140,, or liC1. As a rainfall progresses,
the amount of SO2 that is removed from the atmosphere
becomes less and less; as a result, the development of
the hydrogen ion concentration also decreases, and
therefore the rainwater hecomes less acid or has in-
creasing values of pii.
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CONICLUS I ON
The results from atmospheric chemistry data over
Cambridge are important evidence that urban pollution
definitely has increased the concentration of atmospher-
ic constituents. The definition of a polluted atmo-
sphere is somewhat arbitrary and is usually based on
certain standards of concentrations set by air pollu-
tion control authorities. If, in the future, the out-
put of industrial pollution increases exponentially as
it has in the past, the problem of regional pollution
will become more and more serious due to potential ha-
zards to health and plant life. It would be advisable
to monitor the chemlical quality of air and precipita-
tion in order to be able to predict future pollution
levels and gain more experience in the behaviour of the
atmosphere in the transport, dispersion and final eli-
mination of pollutants.
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SUIMARY
A study of atmospheric chemistry over Cambridge
from November 1973 to February 1975 has been conducted,
and the following precipitation constituents and para-
meters have been analysed: chloride, sodium, potassium,
calcium, magnesium, ammonia, nitrate, nitrite, and acid-
ity (pH).
The average chloride concentration is about 7.0
mg/l. The ratio of Cl-/Na+ in sea water is 1.80, but in
Cambridge this ratio was found to be as high as 4. There-
fore, besides sea-salt aerosols, industrial pollution is
also a major source of chloride in precipitation.
The average sodium concentration is about 1.5 mg/l.
Sea-salt aerosols and local atmospheric dust are the major
sources of sodium in precipitation.
The average potassium concentration is about 0.5
mg/l. Soil dust is the major source of potassium in pre-
cipitation, and sea-salt aerosols are only a minor source.
The average calcium concentration is about 2.1 mg/l.
The production of gypsum in pollution from Boston is the
major source of calcium in precipitation, and sea-salt
aerosols are a minor source.
The average magnesium concentration is about 0.4
25
mg/l. Soil material from Cambridge and Boston is the
major source of magnesium in precipitation.
The concentrations of the major ions over the
period of a rainstorm generally decreases. The var-
iation patterns of concentrations of each of the major
ions are very similar to one another.
The average ammonia concentration is about 12.3
mg/l. The soil is generally considered as the major
source of ammonia in precipitation. However, in this
case, the high value of ammonia concentration is very
likely to be caused by:
1. Systematic errors in the analysis.
2. Rain samples which were not properly protected
against contamination and bacterial decomposition.
The average nitrate concentration is about 16.0
mg/l. Like ammonia, the soil is considered as a major
source of nitrate in precipitation. However, in this
case, the high value of nitrate concentration was pro-
bably caused by factors (1) and (2) mentioned above and
3. Air pollution from the industrial city of Boston.
The average nitrite concentration is about 0.15
mg/l. The concentration of these nitrogen-containing
ionic species over the period of a rainstorm does not
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follow a common trend - sometimes the concentration de-
creases, sometimes it increases, and sometimes it fluc-
tuates.
The pH values in rainwater over Cambridge ranges
between 2.1 and 5.85, with the most values range from
3.5 to 5.5. Sulfuric acid produced in pollution from
Boston is the major cause for the low pil values.
These results are important evidence that urban
pollution definitely has increased the concentration of
atmospheric constituents.
The data is compiled in Table 2.
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TABLE 1
Observed Cl/Na Ratio in Rain and Fresh Water on Islands and
in Coastal Areas
Observer Location Ratio
Leeflang (1938) lNetherlands-rainwater ;average
values for several years 1.90-2.30
Gorham (1958b) Lake District, west coast of
England-water from 18 tarns 1.64-1.96
Odie (1959) Lerwick, Shetland Islands-
rainwater: variation of
monthly averages 1.17-1.69
Eriksson (1960) Average of 1950 rainwater:
Lista, southwest coast of
Norway 1.71
Rj'upnahed, west coast of
Iceland 1.78
Lerwick, Shetland Islands 1.62
Den Helder, coast of Nether-
lands 1.63
Camborne, southwest England 1.79
Junge and Werby Bermuda 1.72
(1958) Tatoosh Island, Washington,US 1.58
Gorham and Cragg Falkland Islands-bog waters 1.98
(1960)
Eriksson (1957) Windward side of Island of
Hawaii (near Hilo) 1.90
32-
TABLE 2
SAMPLE DATA
Concentration of different elements (mg/l) and pli values of
rain samples collected between November 1973 and February
1975.
Date Samples Cl Na K Ca Mg NH3 NO iNO2 pH
11/73
12/73
01/74
04/74
05/74
06/74
07/74
09/74
# 0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
11.8
10.7
3.9
3.0
2.4
3.9
5.0
6.2
5.7
4.0
18.9
18.3
2.8
2.0
1.9
2.6
2.2
2.2
2.7
1.9
4.3
22.4
3.7
3.5
3.2
2.8
0.8
0.4
0.2
0.4
0.2
1.9
1.7
1.1
4.9
4.4
0.5
0.1
0.3
0.3
0.2
0.05
0.7
0.3
0.4
7.1
0.9
0.7
0.7
0.6
0.3
0.2
0.1
0.5
0.3
0.5
1.3
0.4
3.4
3.0
0.3
0.1
0.2
0.2
0.2
0.1
0.5
0.2
0.3
0.7
0.2
0.2
2.5
1.3
0.6
0.4
0.2
2.6
1.1
0.8
2.0
1.7
12.2
9.9
2.2
0.3
0.3
1.1
0.8
0.2
1.2
0.4
0.1
3.7
1.0
0.5
1.02
0.47
0.21
0.06
0.03
0.36
0.29
0.23
0.30
0.30
0.74
0.66
0.49
0.04
0.05
0.22
0.14
0.04
0.32
0.08
0.06
0.98
0.22
0.14
48.6
25.0
12.0
9.6
8.4
21.6
7.2
5.7
63.0
40.8
4.0
19.5
14.4
18.6
14.7
28.2
32.4
10.8
9.6
12.0
4.8
12.6
2.6
2.6
42.8
23.4
11.1
4.0
3.3
56.3
6.5
10.7
31.3
26.4
2.7
1.0
42.0
16.6
18.0
26.5
43.7
30.0
27.3
15.3
3.9
74.0
18.3
5.8
0.15
0.14
0.14
0.23
0.11
0.24
0.06
0.03
0.10
0.08
0.04
0.06
0.24
0.07
0.15
0.02
0.16
0.35
0.17
0.14
3.95
4.1
4.1
4.2
4.35
3.3
4.6
4.7
4.85
3.4
5.25
3.75
2.1
4.3
4.3
4.05
3.8
3.9
4.3
4.35
4.35
4.2
4.45
4.65
TABLE 2 (CONT'D)
Date Samples Cl Na K Ca Mg NIH3 NO3 402
10/74
11/74
12/74
01/75
02/75
3.1 0.7 0.4 1.1 0.15 7.7 9.0 0.05
pH
# 24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
14.8
3.8
10.4
28.8
33.5
12.2
25.8
5.5
16.7
3.8
2.7
3.0
2.6
2.6
9.1
4.0
3.7
9.5
4.2
4.2
2.6
2.3
2.3
1.9
2.5
2.4
0.9
3.1
7.4
8.3
3.1
6.1
1.0
3.1
0.6
0.2
0.3
0.1
0.1
2.2
0.7
0.6
0.4
2.3
0.8
0.6
0.07
0.09
0.1
0.1
0.6
0.5 1.0
0.3 0.5
12.9
0.5 3.0
0.7 4.4
0.8 4.4
0.4 3.5
1.42 1.2
0.3 1.2
0.9 1.2
0.2 1.3
0.2 1.2
0.2 1.4
0.2 1.9
0.2 2.3
0.6 0.5
0.3 0.4
0.3 0.4
0.5 0.2
0.9 16.5
0.7 8.6
0.6 0.5
0.1 0.1
0.1 0.1
0.1 0.2
0.1 0.0
0.2 0.3
0.05
0.03
0.80
0.31
0.03
0.00
0.03
0.05
0.03
0.07
0.07
0.30
0.21
3.49
0.8
1.33
1.65
0.75
1.22
0.26
2.03
0.20
0.09
0.08
0.09
0.10
0.37
0.12
0.16
0.16
0.63
0.29
0.12
0.08
0.03
0.50
0.26
0.33
36.3
3.6
20.0
6.5
4.1
5.4
11.1
2.8
4.6
2.6
2.0
2.5
6.7
2.2
19.5
11.7
10.2
13.8
5.4
9.0
2.1
5.1
3.9
0.46
0.31
13.0
4G.1
5.5
8.1
8.3
3.3
2.8
2.7
3.1
3.5
3.4
3.5
4.3
17.3
34.1
27.5
1.8
1.3
2.2
1.1
2.8
4.4
4.5
4.85
5.4
5.6
5.87
4.45
4.74
4.65
4.62
4.64
4.5
5.73
4.9
4.15
4.8
4.2
4.05
4.78
4,96
4.15
4.9
5.35
5.0
5.05
4.4
5.36
_ _ __
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TABLE 2 (CONT'D)
Date Samples Cl Na K Ca Mg Nh3 NO3 NO2
# 52
53
54
55
56
57
58
3.2
2.1
2.5
2.1
2.2
3.2
8.0
0.5
0.3
0.2
0.1
0.1
0.1
1.2
0.2
0.1
0.1
0.1
0.1
0.1
0.2
1..7
1.2
1.1
1.0
2.1
0.1
0.6
0.15
0.13
0.09
0.08
0.13
0.03
0.15
7.8
10.5
9.8
8.8
2.5
2.3
4.8
6.7
3.4
4.7
3.5
2.9
42.0
34.6
59 .11.1 3.6 0.2 0.6 0.07 13.8 18.3
02/75
pH
0.14
0.21
0.16
0.28
0.28
5.7
5.5
5.5
5.7
4.0
3.6
4.0
5.6
_ ___
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